INTRODUCTION {#sec1-1}
============

Human immunodeficiency virus (HIV) and acquired immunodeficiency syndrome (AIDS) has been associated with an increased prevalence of malignancy. Reduced immunity leading to the decreased surveillance of oncogenic elements and increased incidence of oncogenic opportunistic infections are among some of the reasons for such an increased incidence of malignancy.\[[@ref2]\] With the advent of HIV, some cases have been reported of HIV and brain glioma comorbidity, leading to the assumption that HIV infection increases the incidence of gliomas, (especially the higher grades) as it does for other tumors.\[[@ref6]\] However, observational studies have shown an ever-decreasing rate of comorbidities of HIV and brain gliomas. This has led to speculations that HIV or its treatment may have a protective effect from brain gliomas. In a 20-year study done in Mexico and Brazil, they showed an ever-decreasing incidence of gliomas in HIV patients (only 2 patients in 20 years).\[[@ref1][@ref11]\] This led the researchers to hypothesize that gliomas are becoming exceedingly rare in HIV/AIDS patients. Similarly, reports have been published from the other continents.\[[@ref1]\] Such studies have not yet been done in Africa: a high HIV prevalence setting. We have done this study in sub-Saharan Africa where the prevalence of HIV is highest in the hope that this helps in elucidating more information. In this study, we set the objective to determine the prevalence of HIV in the glioma population of Zimbabwe in comparison to that of the general population and assess for any associations that may exist.

MATERIALS AND METHODS {#sec1-2}
=====================

A cross-sectional study was carried out in Zimbabwe. All patients who presented to Zimbabwe Hospitals and eventually had a histological diagnosis of a brain glioma between January 1, 2014 and December 31, 2015 were enrolled for the study. Patients whose initial presentation was outside the study period were excluded. Case definition of a brain glioma patient was as per World Health Organization (WHO) grading system 2007. It included all glial cell origin tumors: astrocytomas, ependymomas, oligodendrogliomas, and mixed glial cell tumors.

Liaison was constantly made with all the neurosurgeons in the country during the study such that information about any glioma patient seen was availed. In addition, liaison was also made with all the pathology laboratories in the country so that information on all brain biopsy results in the country were accessed. This allowed access to data on all patients who had brain tumors operated on in the country. The patients were managed as per the prevailing neurosurgical protocol and the study did not interfere with their standard management.

All patients eligible were contacted, and none declined consent. The patient or caregiver was interviewed and imaging and histology done were reviewed. Histological grading was done using the WHO grading system and immunohistochemistry was done for equivocal cases. If the patient did not have a recent (within 3 months) documented HIV test result, he/she was offered HIV counselling and testing. Those who were HIV positive would have cluster of differentiation 4 (CD4) counts done. The data collected were then analyzed.

A confidential data collection form was administered by the researchers. Data were then captured into Epi info ^™^ 7(The Epi info Software, Centers for Disease Control and Prevention "CDC" in Atlanta, Georgia, USA) for analysis. Data were then exported to Stata 13 (StataCorp, Texas, USA) for further analysis.

We analyzed our data making comparison to that of the Zimbabwe Health Survey\[[@ref13]\] that screened 2,274,328 individuals for HIV status \[[Table 1](#T1){ref-type="table"}\].

###### 

Relationship between HIV serology and glioma occurrence
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RESULTS {#sec1-3}
=======

A total of 60 patients were suspected of having brain gliomas during the study period. Forty-nine of these had biopsy done but only 48 cases (with a histologically proven glioma and known HIV status) were included in the final analysis. One had an unknown HIV status and was excluded. For the other 11 patients excluded in the subsequent analysis, the diagnosis of glioma was based on imaging studies only. The reasons for lack of biopsy were inoperability in diffuse pontine glioma (4), declined operation (3), demised before operation (2), too ill for operation (1), and lost to follow-up before biopsy (1).

The mean age \[±standard deviation (SD)\] of the study group (*n* = 48 patients) was 40.5 ± 23.3 years (min 3 years; max 87 years). Age distribution was bimodal with peaks at around 3 years and another between 40 and 50 years. There were more females, 54.1% (26/48), among the study participants. There was no significant difference in age distribution between males mean age (±SD) \[38.6 ± 21.9 years\] and females (±SD) \[42.1 ± 24.8 years\] (*P* = 0.6156). Eighty-five percent (*n* = 41) were black, 15% (*n* = 7) were whites. Urban settlers accounted for 85.4% (*n* = 41) of the patients, whereas 14.6% (*n* = 7) were from rural areas. The majority were from Harare (urban).

Four participants were HIV positive. Three (75%) were males and there was one female (25%). The median age of the four cases was 49.5 years (p25 = 38; p75 = 54) (min = 29, max = 57) \[[Table 2](#T2){ref-type="table"}\]. The CD4 counts of these four patients were 289, 81, 240, and 530. Only one patient was not on antiretroviral therapy (CD4 289). The rest were taking the following different regimes: Atazanavir + ritonavir/abacavir/lamivudine; tenofovir, lamivudine, and efavirenz; and stavudine, lamivudine, and nevirapine in respective order to CD4 counts above \[[Table 3](#T3){ref-type="table"}\]. Of the four cases with an HIV positive serology, two patients (50%) had a WHO grade 4 (glioblastoma) and the other 2 (50%) had WHO grade 2 tumors (fibrillary astrocytoma). There was no significant association between HIV status and tumor grade at *P* = 0.788 \[[Table 2](#T2){ref-type="table"}\].
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Summary of age and sex of HIV positive patients among glioma cases
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###### 

Age and sex-adjusted HIV prevalence
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The prevalence of HIV among glioma patients was 8.3% (95% CI: 3.3; 19.6) and among nonglioma cases was 14.3% (95% CI: 14.25; 14.35). This gave a prevalence ratio of 0.58 (95% CI: 0.33; 0.77). The strength of the association between HIV (exposure) and glioma (disease or outcome) was 42% implying the "antiglioma effect" of HIV and/or its treatment resulted in a 42% decrease in glioma occurrence in HIV positive patients compared to HIV negative individuals \[[Table 1](#T1){ref-type="table"}\].\[[@ref10]\]

Age and sex-adjusted prevalence revealed lower proportions of HIV seropositivity among glioma patients compared to the general population. The prevalence was lower in younger patients (≤40 years) \[1 case (4.6%)\] and females \[1 case (3.9%)\]. Of the four cases with HIV positive serology, one patient not on antiretroviral therapy, one had a protease inhibitor in his regiment, whereas the other two did not have a protease inhibitor in their regiment \[[Table 3](#T3){ref-type="table"}\].

DISCUSSION {#sec1-4}
==========

Our study showed an 8.3% prevalence of HIV in glioma patients versus 14.3% in the general population.\[[@ref13]\] With a prevalence ratio of 58%, our results reveal a 42% reduction in glioma occurrence in HIV positive patients compared to HIV negative cases \[[Table 1](#T1){ref-type="table"}\]. This is consistent with the results of the worldwide epidemiological analysis\[[@ref1]\] that included data from most of the world\'s continents except Africa. The low prevalence of HIV in glioma patients may be explained either by an "antiglioma effect" of either the HIV itself or its treatment or both, assuming that gliomas themselves are not protective from HIV.

The distribution of gliomas in the country is evidently skewed. Majority of the glioma patients were from urban centers, which corresponds with a lower risk for HIV infection. The heterogeneous distribution of HIV rates is such that urban centers were at 14%, and Harare (where most glioma patients were from) 13% versus 8.3% for glioma patients.\[[@ref13]\] These figures show a significant discrepancy of HIV rates between general population versus glioma patients. They also show an inverse relationship between HIV rates and glioma prevalence in different geographical locations within the country. The marginally higher HIV rates in some rural areas (22%) corresponding to lower glioma rates further strengthen the hypothesis of the HIV "antiglioma effect."\[[@ref9]\]

Epidermal growth factor has been found in increased amounts and has been shown to stimulate vascular endothelial growth factor (VEGF) production in glioblastoma, and plays a key role in the pathogenesis of glioblastoma.\[[@ref4][@ref5]\] Some antiretroviral drugs, particularly protease inhibitors, have been found to decrease the VEGF expression in glioblastoma cells *in vitro* with the resulting antitumoral activity.\[[@ref11]\] This may explain the low glioma prevalence in HIV patients on protease inhibitors.

Furthermore, an inverse relationship between acute infections and the subsequent development of some cancers (such as meningiomas, melanomas, and gliomas) has been established. Overall risk reduction increased with frequency of infections, with febrile infections affording the greatest protection. However, chronic infections can be viewed as resulting from a failed immune response and an increasing number has been associated with an increased cancer risk.\[[@ref7]\] HIV infection, despite being a chronic infection, has an acute infection stage which is marked by an acute rise of inflammatory markers. It may present with pyrexia as a flu-like illness.\[[@ref3][@ref12]\] In addition, HIV infection will predispose to numerous acute infections which will have a cumulative protective effect. This may explain the "antiglioma effect" in HIV infected patients. Nonetheless, infection with HIV is more complex. The chronic phase of HIV is not caused by a lowered immunity, but it actually causes lowered immunity.

It is interesting to note that some glioma cells have an "anti-HIV effect." A study demonstrated that some but not all glioma cells secrete inhibitory molecules to HIV infection that contribute to lowering HIV infection in the central nervous system *in vivo*.\[[@ref8]\] Certainly in HIV and glioma comorbidity, the glioma cells have not been found to have the virus.\[[@ref6]\] So, while HIV patients may still have gliomas, it is unlikely that the HIV itself would be responsible.\[[@ref2]\] The interaction between glioma cells and HIV is complex. The exact pathophysiological processes causing the "antiglioma effect" in HIV infection remain to be fully elucidated.

The possible presence of undiagnosed cases of gliomas in the general population could be a confounding factor questioning the internal validity of our study and rendering the general population not ideal as a comparison group. However, the low prevalence of gliomas in our setting dilutes the possible confounding effect. Among the glioma patients, the onset of HIV infection is difficult to determine, complicating the establishment of an association between HIV and glioma. However, our study provides evidence from Africa, the only continent where data was lacking on the relationship between HIV/AIDS and glioma prevalence to supplement those of the other continents.\[[@ref1]\] Unlike previous studies which were retrolective and retrospective chart reviews, ours was planned with prolective data collection from the entire country.

CONCLUSION {#sec1-5}
==========

This study, done in a setting of high HIV prevalence, shows a prevalence of HIV in glioma patients that is markedly less than in the general population, notwithstanding that the sample size was small owing to the short duration of the study. Based on the prevailing status quo, it would make sense that any effort made at preventing gliomas would stand a better chance in fighting this menace. Perhaps, a more detailed exploration of how this "antiglioma" effect of HIV works may help unveil better preventative and possible therapeutic technologies.
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